Damage evolution in carbon fiber-reinforced polymer (CFRP) composites under shear fatigue loading by Arjmandi, Mohammadreza
  
DAMAGE EVOLUTION IN CARBON FIBER-REINFORCED POLYMER (CFRP) 







A project report submitted in fulfilment of the  
requirements for the award of the degree of 




Faculty of Mechanical Engineering 
















To my beloved mom, dad, my brothers, and my lovely fiancée, Sara, who offered me 















This dissertation would not have been possible without the guidance and the help 
of several individuals who in one way or another contributed and extended their valuable 
assistance in the preparation and completion of this study. 
First and foremost, my utmost gratitude to Prof. Dr. Mohd Nasir Tamin, as well as 
Dr. Muhammad Adil Khattak, my supervisors whose sincerity and encouragement I will 
never forget. Prof. Nasir and Dr. Adil have been my inspiration as I hurdle all the 
obstacles in the completion this research work. 
I would also like to appreciate Seyed Saeid Rahimian Koloor, PhD candidate, 
who helped me a lot during this research and spending a lot of his precious time and 
energy, teaching me FE software and composite structures concepts. The assistance and 
technical guidance of all computational solid mechanics laboratory (CSM Lab) members 
are also acknowledged, and the experiments conducted in this research was impossible 
without the support and help of mechanical testing laboratory staff, whom I would like to 
thank warmly. 
Last but not the least, my family and the one above all of us, the omnipresent 
God, for answering my prayers for giving me the strength to plod on despite my 











Composite structures present high strength, low weight and design flexibility in terms of 
fiber orientation and number of plies and used vastly in advanced and modern 
applications. Among them, carbon fiber-reinforced polymer composites (CFRP) are used 
widely in aeronautic and automotive industries in which components are subjected to 
different loading types and this will double the necessity of investigation on fatigue and 
fracture analysis using damage mechanics concepts. The reliability of structures made of 
composites, depends on continual process of damage initiation and propagation. In the 
current research, a specific CFRP composite is being tested and finite element simulated 
under monotonic loading and subsequent cyclic loading with dominant shear stress along 
its length. The specimen is designed so that the damage development can be tracked 
easily on the localized interface. The 3ENF experiments and FE simulation have been 
used simultaneously to investigate the damage under mode II fracture loading condition. 
Damage model used is cohesive zone model (CZM) which is developed and validated 
before. The key contribution of the current research is to present and describe a concept 
to extend current damage model to account for material behavior in cyclic loading in 
terms of development of damage. Damage is interpreted as degradation of penalty 
stiffness in normal and shear directions. Monotonic results showed that the CZM-based 
FE model is correlated well with experimental results and based on the experimental-
computational approach, CZM parameters can be obtained and damage model will be 
characterized so that finite element method can be validated and stress and deformation 
analyses using FE results are feasible. The cyclic tests are also conducted for different 
load amplitude and number of cycles and necessary results are extracted to monitor and 
investigation on degradation in material stiffness and fracture energy as an effect of 
fatigue phenomenon and also being utilized to obtain presented fatigue damage model 
and as guidance and useful resource for future finite element simulation applying proper 







Struktur komposit memberikan kekuatan yang tinggi, berat yang rendah dan reka 
bentuk yang fleksibel terutamanya  dari segi orientasi gentian dan bilangan lapisan 
gentian dan digunakan secara meluas dalam aplikasi maju dan moden. Di antara 
kebanyakkan komposit, komposit polimer bertetulang gentian karbon (CFRP) 
digunakan secara meluas dalam industri aeronotik dan automotif. Di mana, komponen 
ini  dikenakan beban yang berbeza-beza dan ini akan menggandakan keperluan dalam 
analisis kelesuan dan analisis patah menggunakan konsep mekanik kerosakan. 
Kebolehpercayaan struktur yang diperbuat daripada komposit ini bergantung kepada 
proses pemulaan dan perebakan kerosakan. Kajian pada masa kini, komposit CFRP 
tertentu telah diuji dan simulasi finite element telah dijalankan di bawah beban 
monotonik dan beban kitaran berikut dengan tegasan ricih mendominasi panjangnya. 
Spesimen yang digunakan direka supaya kerosakan  dapat dikesan dengan mudah 
pada antara muka setempat. Eksperimen 3ENF dan simulasi FE telah digunakan 
secara serentak untuk memeriksa kerosakan di bawah beban keadaan patah pada mod 
II. Model kerosakan yang digunakan ialah cohesive zone model (CZM) yang telah 
dibangunkan dan telah disahkan. Sumbangan utama penyelidikan ini adalah untuk 
menerangkan satu konsep untuk melanjutkan kerosakan model semasa dengan 
mengambil kira perilaku  bahan di dalam beban berkitar dari segi pembangunan 
kerosakan. Kerosakan ditafsirkan sebagai penurunan kekakuan penalti pada arah 
normal dan ricihan. Keputusan monotonik menunjukkan model CZM berasaskan FE 
berhubung baik dengan keputusan eksperimen. Berdasarkan pendekatan eksperimen-
pengiraan, parameter CZM boleh diperolehi dan model kerosakan boleh dikenalpasti. 
Oleh itu, kaedah FE boleh disahkan, tegasan  dan pembentukan analisis menggunakan 
keputusan FE dapat dilakasanakan. Ujian kitaran dilaksanakan untuk beban amplitude 
yang berlainan dan bilangan kitaran dan keputusan yang diperlukan untuk memantau 
dan memeriksa penurunan di dalam kekakuan bahan dan tenaga patah sebagai kesan 
fenomena lesu dan juga digunakan untuk mendapatkan model kelesuan sebagai 
panduan dan sumber yang diperlukan untuk simulasi FE akan datang dengan 
menggunakan subrutin FE yang sesuai ke dalam perisian FE. 
 
 
 
